INTRODUCTION
Skin temperature (T s ), commonly defined as the temperature of the interface between the Earth's surface and its atmosphere, is a key variable critical to land-atmosphere interactions. For example, T s is used by Monin-Obukov (1954) similarity theory to estimate sensible heat flux (Kustas et al. 1989; Sugita and Brutsaert 1996; Cahill et al. 1997; Crago 1998; Lhomme et al. 2000; Voogt and Grimmond 2000) . Furthermore, T s is used to estimate latent heat flux (Crago 1998; Ibanez et al. 1999) , air temperature and humidity (English 1999) , and bare soil evaporation (Katul and Parlange 1992) .
In 1999, The Oklahoma Mesonet (Brock et al. 1995) , an automated network of 115 meteorological stations evenly spaced across the state (Fig. 1) , installed infrared temperature (IRT) sensors at 89 sites. In addition, these Mesonet sites also measure solar radiation, net radiation, air pressure, precipitation, wind speed and direction at 10 m, wind speed at 2 m and 9 m, temperature and relative humidity at 1.5 m, temperature at 9 m, and bare soil and sod temperatures at 5, 10 and 30 cm depths, and soil moisture at several depths. Furthermore, 10 sites that have IRT sensors installed are also designated as OASIS Super Sites ( Fig. 1 ; Brotzge et al. 1999) . These sites are equipped to measure incoming and outgoing shortwave and longwave radiation explicitly. The 10 Super Sites estimate sensible and latent heat flux (using an eddy covariance technique) and ground heat flux.
This manuscript provides a description of the IRT sensor, an evaluation of its performance, and selected case studies that display the utility of the sensor and in situ observations of Ts. 
_____________________________________

DESCRIPTION OF THE IRT SENSOR
Sensor installation and calibration equation
The infrared thermometer used by the Oklahoma Mesonet is a precision thermocouple IRT manufactured by Apogee Instruments, Inc. (Bugbee et al. 1998 ). This sensor was chosen for use in the network because it was water resistant, specifically designed for continuous outdoor use, and compatible with current Mesonet data acquisition systems.
Sensor accuracy is approximately +/-0.2 °C from 15 to 35 °C and +/-0.3 °C from 5 to 45 °C. The sensor is installed at a height of 1.5 m and has a 3:1 field of view (i.e., a diameter circle field of view of 0.5 m).
Infrared thermometers estimate skin temperature by measuring a specific waveband within the infrared range, typically 8 to 14 microns (Bugbee et al. 1998 ). The energy detected by the sensor is converted to a temperature using the Stefan-Boltzman Law and an assumed surface emissivity. Slight error is caused by assuming a surface emissivity; that error is proportional to the difference between the skin and air temperatures (Bugbee et al. 1998 ).
The final (or calibrated) skin temperature (T sc ) is calculated as a function of the difference between the temperatures of the target (landatmosphere interface) and sensor body. Errors can occur in measuring the sensor body temperature, which then result in errors in T sc . To minimize such errors, a large thermal mass surrounds the reference thermistor to help maintain a more constant sensor body temperature during rapidly changing atmospheric conditions (Bugbee et al. 1998) . To account for errors introduced by variations in emissivity and the sensor body temperature, a correction has been provided by Apogee and is applied to all observations. The correction is as follows: where T sc is the calibrated skin temperature (°C), T target is the observed radiance temperature (°C), sb is the sensor body temperature (°C), and H sb , K sb , and P sb are polynomials estimated as a function of the sensor body temperature as follows: 
"Typical" data
A diurnal cycle of air temperature (measured at 1.5 m) and T sc on 11 May 2000 at Marena, Oklahoma is shown in Fig. 2 . Downwelling solar radiation, as measured by a LiCor 200 pyranometer (Brock et al. 1995) , also is shown. Both the air and skin temperatures cooled slightly near sunset at 0000 UTC (to convert to local standard time for Oklahoma, subtract 6 h) and then remained nearly steady overnight. The T sc remained slightly cooler than the air temperature due to increased radiational cooling at the land surface. With sunrise at approximately 1200 UTC, both the air and skin temperature began a rapid increase. The T sc increased quickly as a direct result of incoming solar radiation that heated the land surface. The time series shows that as downwelling solar radiation rapidly increased and decreased in response to intermittent cloudiness (specifically between 1600 and 1800 UTC), the T sc also changed quickly. However, much smaller changes occurred in air temperature. This relationship illustrates the high sensitivity of T sc to downwelling solar radiation.
T sc remained warmer than air temperature for the majority of the daylight hours. While downwelling solar radiation peaked at solar noon (approximately 1800 UTC), the T sc and air temperature peaked at about 1930 UTC and 2130 UTC, respectively. These lag times denote the fact that downwelling shortwave radiation decreases in intensity after solar noon, but still exceeds upwelling shortwave and longwave radiation from the land surface for some time. This scenario yields an energy surplus for 2 to 4 hours after solar noon and substantially contributes to a lag between the time of maximum solar heating and the time of maximum air and skin temperatures (Ahrens 2000) . Skin temperature, being somewhat more sensitive to the decrease in downwelling solar radiation, begins its decrease prior to the decrease in air temperature.
OPERATIONAL LIMITATIONS
Limitation of the calibration equation
Several significant problems result from using Eq. (1) with observed field data. First, the polynomials used in Eq. (1) appear to have been developed for a temperature range of only 5 to 35 °C. Thus, observations that fall outside of this temperature range may not be corrected properly by Eq. (1). Second, the correction equation was developed using a Celsius scale. When sensor body temperatures approach -8.42 °C, P sb approaches zero; as P sb nears zero, the second term in Eq. (1) approaches infinity. Consequently, for any low temperature estimate between -3 °C and -15 °C, Eq. (1) should not be used.
Cleaning problem
Mesonet personnel have found that the surface lens on the Apogee IRT sensor can be difficult to keep clean at remote sites. When dust, spider webs, or other debris cover the lens, the sensor is unable to sense the land-atmosphere interface as its target. Instead, the obstruction on the lens becomes the target. These instances are often easy to detect in the observed data because the target and sensor body temperatures remain nearly equal. Such instances can lead to errors in T sc of greater than +/-5 °C.
Footprint problem
Because the IRT sensor has a limited field of view (see Section 2.1), the observed T sc values are sometimes not representative of larger scale surface features. Vegetation properties can be significantly different inside the 10 m x 10 m Mesonet site plot when compared to vegetation conditions surrounding the plot.
Only native vegetation is found within the site area; crops and grazed land often surround the site. This limitation is easily seen across Oklahoma's winter wheat belt (a 150-km swath of winter wheat farms that stretch from southwest to north central Oklahoma; Haugland and Crawford 2002) . Frequently during the summer (after the winter wheat harvest), a warm air temperature anomaly is apparent across the harvested winter wheat belt counties due to an increased partitioning of solar radiation to sensible heat flux. In contrast, the observed T sc usually does not indicate the strong signal demonstrated by the air temperature. These contrasting results arise because the IRT sensor is located directly above the native vegetation within the site enclosure rather than the harvested wheat fields. In contrast, the air temperature sensor is impacted by a much larger upstream footprint which does include the harvested fields.
OBSERVATIONAL SPATIAL VARIABILITY
Interesting mesoscale features are revealed by investigating patterns of T sc across Oklahoma during clear sky conditions. The observed T sc values for 1500 UTC on 12 July 2000 are shown in Fig. 3a . A large area of low T sc values extended across the Panhandle into northwest Oklahoma.
This cool anomaly corresponded well with the portion of the state that received rainfall the night before (Fig. 3b) . In fact, the relatively high T sc values at the Goodwell (GOOD), Hooker (HOOK), and Slapout (SLAP) stations in the Panhandle is attributed to the lack of rainfall at those three sites. Dry conditions in those areas increased the partitioning of available energy to sensible heat flux and produced mesoscale warm anomalies across the Panhandle. At sites that did receive rainfall, the additional moisture prevented the land surface from warming as rapidly (due to increased latent heat flux).
The T sc map (Fig. 3a) also revealed a lobe of warm values that extended from the Tipton (TIPT) and Grandfield (GRA2) stations in southwest Oklahoma northeast to the Kingfisher (KING) site. This area of warm T sc resulted from an increase in downwelling solar radiation (Fig.3c) . The incoming solar radiation heated the earth's surface, and with light winds (Fig.3d) , was successful in increasing the T sc in these areas. However, T sc values do not reflect the numerous local maximas of solar radiation (Fig. 3c) throughout parts of eastern Oklahoma due to stronger wind speeds in those locations (Fig. 3d) . 
SUMMARY
The Oklahoma Mesonet has installed IRT sensors at 89 sites across the state. Field evaluation of the sensors demonstrated several limitations related to continuous operational use outdoors. The calibration equation limits the use of the observations during the cold season. In addition, obstructions on the lens of a sensor can lead to erroneous observations. Lastly, care must be taken when extrapolating the observations spatially due to the sensor's narrow field of view.
Even with these limitations, the Oklahoma Mesonet's IRT network provides a unique opportunity to analyze long term, continuous, meso-scale observations of skin temperature across a large area. Such observations may prove critical in understanding many landatmosphere interactions.
Not only can the observations be used to estimate the partitioning of latent and sensible heat flux, they also provide beneficial "ground truth" estimates to validate remotely sensed estimates of skin temperature.
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